ABSTRACT
INTRODUCTION
Electric vehicle technology is viewed by many countries as a key component to reduce greenhouse emissions and at the same time to reduce oil importation dependency for transportation activities. As a result, many car industries emphasizes their development on many electric vehicles types, among them the pure electric vehicle (EV), that uses only energy stored in a battery and the pluggable hybrid electric vehicle (PHEV) , that works through the combination of a battery and an electric motor installed in the vehicle -"on-board"-and a combustion motor. The batteries for both types can be reloaded from the electric network [1] . The introduction of the EV technology will not only has a significant effect on the transportation sector but also on the electrical energy system. A generalized implementation of EVs for particular use will cause a significant increase on the amount of electrical energy to reload vehicle batteries. As a consequence a new pattern of power demand will be created firstly for power distribution. This could cause adverse effects for the electrical distribution network mainly on areas with great concentration of EVs connected to the network at the same period of time. These effects could include excessive voltage drops and a thermic increase on circuits and a consequent energy loss increase. A high penetration of EVs on the distribution system in a near future will influence the electrical system planning and operation decisions. Based on it, the distribution energy utilities need methodologies and computational systems to help the management of the network through the verification of loadings parameters, voltage levels, phase disequilibrium, energy losses and also on possible new investments.
METHODOLOGY
A comprehensive methodology was developed and its goal is the evaluation of the main impacts for the electrical energy distribution network of the EDP utilities in Brazil, Bandeirante and Escelsa.
Distribution Network Data
The evaluation of the electric vehicle (VE) loadings impacts on the specific network equipments end also for the entire distribution network was modeled: supply points for high 
Typical demand curves
The use of typical demand curves is a part of a methodology used to represent network loads. Typical load demand curves information generally is available in Brazilian utilities and gives to the planning a good way to represent the diversity of all the clients load profiles. The typical load curves can represent the energy consume habits of classes of consumers grouped on energy consumption levels and also activity sector. So far, these curves are described on the percentage unit, p.u., on the basis of the median power demand of the group. These allows the construction of demand curves (in Watts) of a given consumer since we have the information of his consumption level and activity and also energy consumption in a given period of time [2] . Typical load curves are obtained in measurement samples that typify many consumption levels. Typical load demand curves associated to the consumers connected to the low voltage networks (BT), are represented by a 24 points curve. So far, given the mensal energy consumption of a consumer (energy in kWh), we can calculated an average power demand, D av in kW by the expression below:
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The demand {D(t), t=1..24}, can be calculated by the expression below:
Where d(t) representes the demand points, in p.u. values, of the typical load demand curve.
Own consumer load curves
Own load curves are available in for consumers connected to the medium voltage distribution network (MT) and are represented by 2 or 4 points or demand levels.
Demand growth taxes
These taxes model the energy market growth on a planning horizon (2011-2020). They are obtained from market forecast techniques which can consider temporal series related to the number of consumers and energy. The growth taxes can be specific to consumer class of activity sector (residential, commercial, industrial and to public illumination).
Demand adjustment
The demand adjustment is calculated based on measurements available by the energy distribution utility. The values correspond to feeders measurements.
VE Battery Data
For simulation purposes it is important to know the capacity and state of energy available for EV and PHEV batteries. Therefore some variables and processes depicted below are valid on the battery reload process:
i) The capacity associated to each EV (through a deterministic or probabilistic approach); ii) The determination of the specific loading point of each VE at the electric distribution network (through a deterministic or probabilistic approach); iii) The definition of the reload period of time of each VE battery (deterministically or through a probabilistic approach with the use of a probabilistic distribution of the state of energy of the battery).
Capacity and load curves of the batteries
Two battery capacities were considered: 16kWh e 24 kWh (Mitsubichi-Imiev and Nissan-Leaf, respectively). For modeling the batteries load curves it will be considered initially theoretical curves [3] , [4] , which will be validated or modified based on laboratory measurements.
The loading is a function of voltage and current values and depends on the load circuit type used associated to each type of charging point.
For simulation and analysis purposes we considered two types of loadings as follows: Normal Charging, low voltage single phase, 220 V and 16A; and Quick Charging, low voltage, three phase, 400V and 95A. The modeling of the VE reload process is based on the load curve associated to each battery and the possible loading point through quick or slow chargers, besides the use of residential chargers.
Level of EV Penetration scenarios (2010 -2020)
The analysis is done through the scenario construction of the vehicle role in Brazil in the period of 2010 -2020. The algorithms used in the impacts evaluation and distribution networks limits defines processes that consider the EV penetration level, obtained through a market research and the elaboration of large horizon scenarios, besides the verification of network elements technical limits.
EV Alocation algorithm
The modeling of the loadings associated to the EVs in the network is done through a probabilistic or a deterministic algorithm. In the deterministic procedure the goal is to find, for a certain level of EV penetration, the critical location for energy losses and to verify the voltage profile of the network for this case. In the probabilistic approach, for a certain EV penetration level, the EVs are distributed in a random pattern in the network following a predefined probability distribution. 
EV Loading Types
The EVs loading profiles possibilities considered and analyzed are the uncontrolled or dumb charging [5] where the charge begins predominantly in the peak load hour, the charging with the influence of a dual tariff [6] for the peak and off-peak period and an approach that considers a smart charging [5] focusing a better network usage and control.
Distribution Network Impact
A power flow calculation for each of the 24 hours of the day is made and the loadings, voltage profiles, phase imbalance and energy losses are obtained for the distribution network impacts evaluation. The distribution network impacts is defined through systematically diagnosis of the network elements, feeders, distribution transformers and low voltage networks loading analysis, besides the evaluation of the voltage profiles, phase imbalance and energy losses. It is possible, also to get the aggregated load curves in strategically located points in the network and an impact analysis for a specific planning horizon.
Spatial Allocation of EV Charging Stations
Another aspect considered in the methodology is the EV charging stations allocation procedure. The procedure is based in cluster technique that is used to distributed public quick and slow charging stations in the utilities distribution network.
SIMULATION PLATFORM AND ANALYSIS
SinapGrid is the simulation platform used and it has a number of functions for network analysis, allowing also the inclusion and development of new modules in a transparent way. Among the main simulation platform characteristics, for the network impact analysis support under the EV presence, we can depict the following bellow:
i) Integrated modeling of all voltage levels in the distribution network (HV, MV and LV); ii) Friendly network editor which allows the representation of all the network components (bus bars, lines, loadings, levels of demand throughout the day, capacitors banks, voltage regulators, 2 or 3 enrolment transformers, photovoltaic generators, electric vehicles, EV charging, etc.) by schematic diagram means or through geo-referenced diagrams; iii) Power flow calculation modulus, for balanced and unbalanced networks, capable to solve meshed networks through many algorithms (Gauss, NewtonRaphson); iv) Deterministic and probabilistic algorithms for the EV allocation; v) Algorithm for the modeling of the various types of EV connection, dumb, dual tariff and smart charging; vi) Evaluation reports of loadings, voltage profile an voltage unbalance and energy losses following the PRODIST [7] recommendations; vii) Graphical reports to compare diferent EV penetration levels and the network impacts, emphasizing the loading parameters, voltage profile and losses.
CASE STUDY
The case study to be performed involves the inclusion of electric vehicles in real networks from EDP Bandeirantes e EDP Escelsa. For this case study it was considered scenarios of penetration and EVs limits of insertion.
Simulation and Analysis Framework
The network data utilized to build the MV and LV networks correspond to the utilities georeferenced GIS system's data. The case study's simulation environment consists of the distribution network of VVE-06 (circuit of Vila Velha substation). In figure 1 are represented the slow and quick EV chargers, which were inserted in the network by the SinapGrid Editor.
Impact Evaluation in the Distribution Network
The impact in the distribution network will be evaluated according to the impact in the electric network's elements, as segments that define the topology of a distribution network and also in an aggregate way at important points of the network. The aspects to be evaluated involve: determining the network's load, voltage profile, phase imbalance and losses. Figures 2 and 3 show the simulation performed for a penetration of 10% of EVs. The demand provided (from 19:00 to 20:00 h) to the network is 4.456 MVA without EVs and 5.674 MVA with EVs on the network. 
CONCLUSIONS
This article presented a methodology for assessing the impact on distribution networks due to the inclusion of electric vehicles in the network. Through simulations in real networks it is possible to evaluate the impact on various components of the power grid: sub transmission lines, HV/MV SS transformers, MV primary network, MV/LV transformers and LV secondary network. Thus, issues such as diagnostics, load, voltage profile, imbalance between phases and losses were considered. 
